The tetraphosphine cis, cis,cis-1,2,3,4-tetrakis(diphenylphosphinomethyl)cyclopentane in combination with [Pd(C 3 H 5 )Cl] 2 affords a very efficient catalyst for the alkynylation of ortho-substituted aryl bromides. A wide variety of substituents such as phenyl, trifluoromethyl, acetyl, formyl or nitrile, are tolerated. High turnover numbers can be obtained with most of these aryl bromides. The coupling of sterically very congested aryl bromides such as 9-bromoanthracene or 2,4,6-triisopropylbromobenzene also proceeds in good yields.
The palladium-catalysed so-called Sonogashira reaction is one of the most powerful methods for the formation of C-C bonds. 1 In recent years, the efficiency of several catalysts for the reaction of aryl halides with terminal alkynes has been studied in detail, however, this reaction in the presence of ortho-substituted aryl bromides has attracted less attention. 2 The most widely used catalysts for this reaction are Pd(PPh 3 ) 2 Cl 2 or Pd(PPh 3 ) 4 in conjunction with copper(I) iodide, but these catalysts are generally not very efficient in terms of substrate/catalyst ratio and 1-10% of catalyst must often be used. 3 A few more robust and more efficient catalysts have been tested for the coupling of ortho-substituted aryl bromides with alkynes. [4] [5] [6] [7] [8] For example, in the monophosphine ligand series, interesting results have been reported recently by Buchwald, Fu, Herrmann and Plenio et al. They described that P(t-Bu) 3 associated to palladium is a good ligand for the reaction of 2-bromotoluene, 2,6-dimethylbromobenzene or 2,6-dimethylchlorobenzene with phenylacetylene. [4] [5] [6] Good results have also been described recently by Najera. They have reported that an oxime-derived palladacycle led to efficient catalysts for the reaction of 9-bromoanthracene or 2-bromobenzonitrile with phenylacetylene. 7 Recently, Plenio described that a PEG-bound phosphine-palladium catalyst also led to the coupling adducts and allowed the recycling of the catalyst. 8 However, to the best of our knowledge, the efficiency of tetraphosphine ligands for the coupling of 1-alkynes with orthosubstituted aryl bromides has not been demonstrated.
In order to obtain highly stable palladium catalysts, we have prepared the tetraphosphine ligand, cis,cis,cis-1,2,3,4-tetrakis(diphenylphosphinomethyl)cyclopentane or tedicyp 9 ( Figure 1 ). We have already reported the results obtained in allylic substitution 9 for Suzuki crosscoupling 10 and for Heck reactions using tedicyp as the ligand. 11 We have also recently reported the first results obtained for the Sonogashira reaction. 12 In order to further establish the requirements for a successful Sonogashira reaction with our catalyst, we herein report on the reaction of ortho-substituted aryl bromides with a variety of terminal alkynes. For this study, based on our previous results, 12 DMF was chosen as the solvent and K 2 CO 3 as the base. In a few of the reactions, 5% of copper(I) iodide was added as the cocatalyst. The reactions were performed at 100 °C or 140°C
, under argon, in the presence of a 1:2 ratio of [Pd(C 3 H 5 )Cl] 2 /tedicyp as catalyst.
First, we tried to evaluate the importance of the presence of an ortho-substituent on the reaction rate for the coupling with phenylacetylene (Scheme 1, Table 1 ). We observed that the coupling of 2-methylbromobenzene in the presence of a 0.1% catalyst led to the expected adduct 1 in 89% yield (turnover number: TON 890). A lower conversion of 47% was obtained using similar conditions with copper(I) iodide as co-catalyst (Table 1 entries 1-3) . A similar result was obtained with 2-bromoanisole ( Table 1 , entries 7 and 8). The TON obtained in the presence of CuI was lower than without CuI. With phenylacetylene, the presence of copper iodide often led to the formation of side products such as the dimerisation of phenylacetylene; hence, we performed the reactions without CuI. We then studied the influence of several ortho-substituents on the reaction rate and we observed that with 1-bromonaphthalene, 2-phenylbromobenzene, 2-fluorobromobenzene, 2-bromoacetophenone or 2-bromobenzaldehyde, similar reaction rates were observed (TONs 770-8800) ( Table 1 , entries 4-6, 12, 13 and 15-17) . In the presence of aryl bromides with an ortho-substituent, the highest TON was obtained for the 2-trifluoromethylbromobenzene (TON These results prompted us to investigate the alkynylation of ortho-substituted aryl bromides with simple alkynes such as oct-1-yne or dec-1-yne. First, we observed that lower TONs were obtained in the presence of oct-1-yne or dec-1-yne, than with phenylacetylene ( Table 2) . With these alkynes, several reactions were performed with or without CuI. In general, better results were obtained when CuI was added. With activated aryl bromides such as 2-bromoacetophenone or 2-bromobenzonitrile, similar TONs were obtained in the absence of or in the presence of CuI (Table 2 , entries 10, 11 and 13-16). With nonactivated aryl bromides such as 2-bromotoluene, 1-bromonaphthalene or 9-bromoanthracene, higher TONs were obtained in the presence of CuI (Table 2, -23) . The reaction also proceeds with 2,4,6-triisopropylbromobenzene; however, with this very congested substrate better results were obtained in the absence of CuI. When CuI was added, the formation of side products was observed (Table 2 , entry 24).
Finally, we studied the reactivity of 1-alkynols (Table 3) . Very slow reactions were observed with propargyl alcohol and the presence of CuI was necessary (Table 3 , entries 1-3). With this alkyne, in the absence of CuI very low conversions were observed. Better results were obtained with but-1-yn-4-ol, but with this alkyne higher TONs were observed in the absence of CuI (Table 3 , entries 4-6). With activated aryl bromides such as 2-fluorobromobenzene, 2-trifluoromethylbromobenzene or 2-bromoacetophenone TONs of 600-4500 were obtained ( Table 3 , entries 7-12). Sterically congested 2,6-dimethylbromobenzene led to the coupling adduct 40 in a low TON of 48 (Table 3 , entry 13). 
Conclusion
The use of the tetradentate ligand Tedicyp associated to a palladium complex provides a convenient catalyst for the coupling of terminal alkynes with ortho-substituted aryl bromides. The complex seems to possess a fine balance of steric and electronic properties, which generally allow fast catalytic processes. As expected, both the steric hindrance and the electronic properties of the aryl bromides have an effect on the reaction rate. In all cases, the reactions performed in the presence of one ortho-substituent exhibited lower TONs than those that were performed in the presence of para-substituted aryl bromides. 12a The presence of two ortho-substituents on the aryl bromide also led to the coupling adducts, but low TONs were observed with sterically congested 1-bromo-2-methoxynaphthalene or 2,4,6-triisopropylbromobenzene. The alkyne also has an important influence on the reaction rates. Phenylacetylene is generally more reactive than dec-1-yne or but-1-yn-4-ol. The lowest TONs were observed in the presence of propargyl alcohol. Most of the reactions led to better results in the absence of copper iodide; however, with propargyl alcohol and in several cases with dec-1-yne, the presence of copper iodide was useful. The influence of the alkyne and of CuI on the reaction rate for these couplings is still quite unpredictable. Amatore, Jutand et al. have reported recently that terminal alkynes might play an unexpected role since they influence the rate of the oxidative addition before their implication in the carbopalladation or transmetallation step. They observed that the oxidative addition of PhI to Pd 0 (PPh 3 ) 4 is slower when performed in the presence of terminal alkynes, because the concentration of the reactive Pd 0 (PPh 3 ) 2 complex decreases due to its partial coordination to the alkyne to form unreactive complex (h 2 -RCCH)Pd 0 (PPh 3 ) 2 . 13 This observation could explain the huge influence of alkynes on the reaction rates. For many substrates, the reaction can be performed with as little as 0.01% catalyst without further optimisation of the reaction conditions. We believe that this system compares favourably with other catalyst systems that have been reported for this process. Due to the high price of palladium, the practical advantage of such low catalyst loading reactions can become increasingly important for industrial processes.
DMF analytical grade (99.8%) was not distilled before use. Some of the aryl halides were distilled before use. Reagent grade K 2 CO 3 (99%+) was used. All reactions were run under argon using vacuum lines in Schlenk tubes in oven-dried glassware. The reactions were followed by GC and NMR for high boiling point substrates and by GC for low boiling point substrates.
1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded in CDCl 3 solutions. Chemical shifts (d) are reported in ppm relative to CDCl 3 . After extraction with Et 2 O or CH 2 Cl 2 the combined organic layers were dried (MgSO 4 ) and evaporated. Flash chromatography was performed on silica gel (230-400 mesh).
Preparation of the Pd-Tedicyp Catalyst; 9 Typical Procedure An oven-dried 40-mL Schlenk tube equipped with a magnetic stirring bar, under argon atmosphere, was charged with [Pd(h 3 -C 3 H 5 )Cl] 2 (4.2 mg, 11.6 mmol) and Tedicyp (20 mg, 23.2 mmol). Anhyd DMF (2.5 mL) was added and the solution was stirred at r.t. for 10 min. 
General Procedure
In a typical experiment, the aryl halide (10 mmol), the alkyne (20 mmol), K 2 CO 3 (2.76 g, 20 mmol) and, when used (see Tables 1-3) , CuI (0.095 g, 0.5mmol) were dissolved in DMF (10 mL) under an argon atmosphere. The prepared Pd-Tedicyp catalyst complex (see Tables 1-3) was then transferred to the reaction flask via cannula. The reaction mixture was stirred at the indicated temperature (see Tables 1-3) 
1,3-Dimethyl-2-oct-1-ynyl-benzene (20) (

1-Dec-1-ynyl-naphthalene (23) (Table 2, Entry 6)
The reaction of 1-bromonaphthalene (2.07 g, 10 mmol) and dec-1-yne (3.62 mL, 20 mmol) afforded 23 as an oil in 91% (2.40 g) isolated yield. 
1-Dec-1-ynyl-2-fluoro-benzene (24) (Table 2, Entry 8) 3i
The reaction of 2-fluorobromobenzene (1.75 g, 10 mmol) and dec-1-yne (3.62 mL, 20 mmol) afforded 24 in 87% (2.02 g) isolated yield. 1 
1-(2-Dec-1-ynyl-phenyl)-ethanone (25) (Table 2, Entry 10)
The reaction of 2-bromoacetophenone (1.99 g, 10 mmol) and dec- Table 3 , Entry 8) 24 The reaction of 2-fluorobromobenzene (1.75 g, 10 mmol) and but-3-yn-1-ol (1.51 mL, 20 mmol) afforded 37 in 60% (0.99 g) isolated yield. 1 
2-(3-Hydroxy-prop-1-ynyl)-benzonitrile (34) (
4-(2-Fluorophenyl)-3-butyn-1-ol (37) (
4-(2-Trifluoromethylphenyl)-3-butyn-1-ol (38) (
4-(2,6-Dimethylphenyl)-3-butyn-1-ol (40) (
